T A B L E O F C O N T E N T S

A B S T R A C T
Background
Tracheomalacia, a disorder of the large airways where the trachea is deformed or malformed during respiration, is commonly seen in tertiary paediatric practice. It is associated with a wide spectrum of respiratory symptoms from life-threatening recurrent apnoea to common respiratory symptoms such as chronic cough and wheeze. Current practice following diagnosis of tracheomalacia includes medical approaches aimed at reducing associated symptoms of tracheomalacia, ventilation modalities of continuous positive airway pressure (CPAP) and bi-level positive airway pressure (BiPAP), and surgical approaches aimed at improving the calibre of the airway (airway stenting, aortopexy, tracheopexy).
Objectives
To evaluate the efficacy of medical and surgical therapies for children with intrinsic (primary) tracheomalacia.
Search methods
The Cochrane Airways Group searched the Cochrane Central Register of Controlled Trials (CENTRAL), the Cochrane Airways Group's Specialised Register, MEDLINE and EMBASE databases. The Cochrane Airways Group performed the latest searches in March 2012.
Selection criteria
All randomised controlled trials (RCTs) of therapies related to symptoms associated with primary or intrinsic tracheomalacia.
Data collection and analysis
Two reviewers extracted data from the included study independently and resolved disagreements by consensus.
Main results
We included one RCT that compared nebulised recombinant human deoxyribonuclease (rhDNase) with placebo in 40 children with airway malacia and a respiratory tract infection. We assessed it to be a RCT with overall low risk of bias. Data analysed in this review showed that there was no significant difference between groups for the primary outcome of proportion cough-free at two weeks (odds ratio (OR) 1.38; 95% confidence interval (CI) 0.37 to 5.14). However, the mean change in night time cough diary scores significantly favoured the placebo group (mean difference (MD) 1.00; 95% CI 0.17 to 1.83, P = 0.02). The mean change in daytime cough diary scores from baseline was also better in the placebo group compared to those on nebulised rhDNase, but the difference between groups was not statistically significant (MD 0.70; 95% CI -0.19 to 1.59). Other outcomes (dyspnoea, and difficulty in expectorating sputum scores, and lung function tests at two weeks also favoured placebo over nebulised rhDNase but did not reach levels of significance.
Authors' conclusions
There is currently an absence of evidence to support any of the therapies currently utilised for management of intrinsic tracheomalacia. It remains inconclusive whether the use of nebulised rhDNase in children with airway malacia and a respiratory tract infection worsens recovery. It is unlikely that any RCT on surgically based management will ever be available for children with severe life-threatening illness associated with tracheomalacia. For those with less severe disease, RCTs on interventions such as antibiotics and chest physiotherapy are clearly needed. Outcomes of these RCTs should include measurements of the trachea and physiological outcomes in addition to clinical outcomes.
P L A I N L A N G U A G E S U M M A R Y
Interventions for primary (intrinsic) tracheomalacia in children
The term malacia is derived from the Greek word 'malakia', meaning soft. In tracheomalacia, the walls of trachea (or windpipe) are softer than normal, which can lead to partial collapse (falling in) of the windpipe. This collapse usually happens when more air is needed, such as during exercise. The word 'primary' refers to tracheomalacia in which the windpipe itself is the cause of the disease, where as secondary tracheomalacia is compressed due to some other abnormality near to the windpipe. The most common symptom of tracheomalacia is expiratory stridor (high-pitched wheezing sound). If the symptoms are severe enough, treatment such as mechanical ventilation, tracheal stenting (mesh tube inserted into windpipe to hold it open) or surgery may be needed.
We wanted to find out which out of these possible treatments was most effective. We found only one randomised controlled trial (RCT) that assessed nebulised recombinant human deoxyribonuclease (rhDNase) which helps in breaking down the mucous and has been shown to be useful in aiding airway clearance in cystic fibrosis compared to placebo (no active treatment) in children with both tracheomalacia and a concurrent respiratory infection. This trial showed no evidence of benefit in terms of the number of children who were cough-free two weeks after treatment. Also, there was less coughing reported, both during the day and at night, in the group who did not receive the intervention -however these differences were not statistically significant.
With the lack of evidence, the routine use of any therapies for intrinsic tracheomalacia cannot be recommended given the cost of nebulised rhDNase and the likely harmful effect. The decision to subject a child to any surgical or medical based therapies will have to be made on an individual basis, with careful consideration of the risk-benefit ratio for each individual situation.
It is unlikely that any RCT on surgically based management will ever be available for children with severe life-threatening illness associated with tracheomalacia. For those with less severe disease, RCTs on interventions such as antibiotics and chest physiotherapy are needed. Further research is very unlikely to change our confidence in the estimate of effect.
S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N
Moderate quality:
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality:
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality:
We are very uncertain about the estimate.
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These results come from a single study on a small number of participants and need confirmation in other, larger studies. 
B A C K G R O U N D
Description of the condition
Tracheomalacia is associated with common respiratory symptoms (Masters 2009). The most common symptoms at presentation are persistent respiratory symptoms, in particular chronic cough and wheeze. These symptoms cover most of the common respiratory symptoms seen in children and thus it not surprising that diagnosis is often delayed (Gormley 1999; Masters 2002; Wood 1997) . Gormley 1999 described that 75% of children with congenital tracheomalacia secondary to congenital vascular anomaly had persistent cough at presentation. As these symptoms overlap with other respiratory disorders, it is also not surprising that the diagnosis and management of tracheomalacia is often suboptimal (Gormley 1999). Other respiratory symptoms include recurrent infections and pneumonia, recurrent cyanosis, stridor, exertional dyspnoea and effort intolerance. Severe tracheomalacia may also be associated with difficult anaesthesia (Austin 2003) and increased CO 2 value during flexible bronchoscopy under general anaesthesia is associated with these airway lesions (Chang 2004). Non-respiratory symptoms related to tracheomalacia have also been described and these include dysphagia (Agrawal 1999) and gastroesophageal reflux (Bibi 2001). 
Description of the intervention
The respiratory symptoms attributed to tracheomalacia are most likely primarily to be related to the effect of a narrowed airway generating altered airflow. Wheeze is generated from altered flow through a narrowed tube. Misdiagnosis of asthma in children with airway malacia disorders has been well described (Finder 1997) .
Cough is likely related to reduction of mucociliary clearance as the compressed airway impedes clearance of secretions (Finder 1997) which sets up a bronchitic process distal to the lesion. Exactly why this occurs is unknown but the possibility of a more subtle process that involves functional abnormalities in the development of the neurovascular and airway immunological, smooth muscle and epithelial cell lines would be biologically possible, but have not been described. Thus, it is also plausible that a change in anatomical improvement (if possible) may not necessary result in symptomatic improvement. Thus, interventions for tracheomalacia include: procedures or medications that improve airway calibre (such as stents, aortopexy and continuous positive airway pressure), enhance airway clearance (such as mucoactive agents like hypertonic saline and nebulised recombinant human deoxyribonuclease (rhDNase)), shortand/or long-term antibiotics to treat and/or prevent infective exacerbations and reduce airway inflammation (such as corticosteroids).
How the intervention might work
Current practice following diagnosis of tracheomalacia includes medical approaches aimed at reducing associated symptoms of tracheomalacia and surgical approaches aimed at improving the calibre of the airway (airway stenting, aortopexy) and thus reducing associated symptoms.
Why it is important to do this review
Children with tracheomalacia often have respiratory symptoms, and it is not an uncommon disease among children (incidence of approximately 1 in 1500 to 2500 children in a study in The Netherlands) (Boogaard 2005). The interventions described above may have serious and significant adverse events. Hence, there is a need for systematic evaluation of the effects of interventions aimed at reducing the respiratory symptoms related to tracheomalacia.
O B J E C T I V E S
M E T H O D S
Criteria for considering studies for this review
Types of studies
Types of participants
Children aged < 15 years with tracheomalacia with associated respiratory symptoms. Exclusion criteria: secondary tracheomalacia.
Types of interventions
All randomised controlled comparisons of therapies for symptoms associated with primary or intrinsic tracheomalacia. We included trials that included the use of other medications or interventions if all participants had equal access to such medications or interventions.
Types of outcome measures
Primary outcomes
1. Proportion of participants who were not cured or not substantially improved at follow-up (clinical failure).
Secondary outcomes
1. Proportion of participants who were not cured at follow-up. 2. Proportion of participants who not substantially improved at follow-up.
3. Mean difference (MD) in number of respiratory episodes (defined by diary cards or acute respiratory illness score).
4. Proportion requiring hospitalisation for respiratory illness. 5. MD in symptoms and signs (mean improvement in clinical state).
6. Proportion developing new respiratory complications such as bronchiectasis, bronchiolitis obliterans, etc.
7. Proportion requiring acute or complicated airway intervention (prolonged intubation, tracheostomy, etc.).
8. Proportion experiencing adverse effects of the intervention (e.g. death from surgery, surgical complications, etc.). The proportion of participants who failed to improve on treatment and the mean clinical improvement were to be determined using the following hierarchy of assessment measures (i.e. where two or more assessment measures are reported in the same study, the outcome measure that is listed first in the hierarchy would be used).
1. Objective measurements of cough indices (cough frequency).
2. Symptomatic (Quality of life scale, Likert scale, visual analogue scale (VAS), level of interference of respiratory symptoms such as cough, wheeze, cyanotic events, etc. using diaries) -assessed by child.
3. Symptomatic (Quality of life scale, Likert scale, VAS, level of interference of respiratory symptoms such as cough, wheeze, cyanotic events, etc. using diaries) -assessed by the parents/carers. 4. Symptomatic (Likert scale, VAS, level of interference of respiratory symptoms such as cough, wheeze, cyanotic events, etc. using diaries) -assessed by clinicians.
5. Pulmonary function tests. 6. Bronchoscopic assessment of tracheomalacia (using flexible bronchoscopy).
7. Relevant airway markers consistent with neutrophillic inflammation.
Search methods for identification of studies Electronic searches
We used the following topic search strategy to identify the relevant randomised controlled trials (RCTs) listed in the electronic databases. (" tracheomalacia " OR " tracheo-malacia " OR "malacia" OR " trachea abnormalities" OR "tracheal diseases" all as (text word) or (MeSH)) AND ("child" OR "children" OR "infant" as (text word) or (MeSH)). The full search strategies are shown in Appendix 1; Appendix 2; and Appendix 3. We identified trials from the following sources. 
Searching other resources
In addition, we searched the list of references in relevant publications and wrote to authors of trials included in the review.
Data collection and analysis
Selection of studies
From the title, abstract or descriptions, two authors independently reviewed literature searches to identify potentially relevant trials for full review. We searched bibliographies and texts to identify additional studies (IBM and AC in the original review and VG and AC in this updated review. From the full-text using specific criteria, VG and AC independently selected trials for inclusion. Disagreement would have been resolved by consensus, but there was no disagreement between the two authors.
Data extraction and management
We reviewed the trials that satisfied the inclusion criteria and recorded the following information: study setting; year of study; source of funding; patient recruitment details (including number of eligible children); inclusion and exclusion criteria; randomisation and allocation concealment method; numbers of participants randomised; blinding (masking) of participants; care providers and outcome assessors; intervention (duration and type); control; co-morbidities (all medical problems with particular attention to genetic syndromes and co-morbidities); existing respiratory problems; cointerventions; numbers of patients not followed up; reasons for withdrawals from study protocol (clinical, side effects, refusal and other), details on side effects of therapy; and whether intention-to-treat analyses were possible. We had planned to extract data on the outcomes described previously. We extracted information from the study for the following characteristics.
1. Type of study (description of randomisation, blinding, allocation, withdrawals).
2. Participants (N, age range). 3. Intervention (type of intervention: medical or surgical, duration of intervention, cointerventions).
4. Outcomes (primary and secondary outcomes, timing of outcome assessments, adverse outcomes).
We planned to request further information from the trial authors where required. Dr Boogaard (Boogaard 2009) kindly provided us with his raw data that enabled us to calculate the number of participants who failed to improve at the end of two weeks.
Assessment of risk of bias in included studies
We assessed risk of bias in the trials for the following seven domains using the 'Risk of bias' 
Measures of treatment effect
We extracted data for each of the outcomes (where data were available) from the trial publication that fulfilled the inclusion criteria.
Unit of analysis issues
We sought to obtain data that were reported with patients (rather than events) as the unit of analysis for the primary outcomes.
Dealing with missing data
We contacted the authors for missing data. For intention-to-treat analysis, we assumed that missing values would have had poor outcomes. We planned to perform sensitivity analyses to assess how sensitive the results are to the reasonable assumptions made in regards to the missing data.
Assessment of heterogeneity
We had planned to describe and explore heterogeneity between the study results and to use the 95% CI, estimated using a random-effects model, whenever there were concerns about statistical heterogeneity.
Assessment of reporting biases
We had planned to identify and report on any selective reporting in the included trials. We would have tested publication bias using a funnel plot, if five or more studies were available in the review.
Data synthesis
We had planned to combine data using Review Manager 5 (RevMan 2011), with a view to using a fixed-effect mean difference (MD) (calculated as a weighted MD) for continuous data variables. If different scales were combined, we had intended to use the standardised mean difference (SMD). For dichotomous outcome variables of each individual study, we calculated the odds ratios (ORs) using a modified intention-totreat analysis (i.e. failure assumed if participant drops out of study). This analysis assumes that children not available for outcome assessment have not improved (and probably represents a conservative estimate of effect).
We intended to calculate a number needed to treat (benefit or harm) when possible for the different levels of risk as represented by control group event rates over a specified time period using the pooled OR and its CI using an online calculator, Visual Rx (Cates  2003) . We constructed a 'Summary of findings' table according to recommendations in the Cochrane handbook of Systematic Reviews of Interventions (Higgins 2011).
Subgroup analysis and investigation of heterogeneity
We had planned an a priori subgroup analysis for: 1. age: infants (less than12 months) or children (aged 1 to 14 years); 2. presence of congenital (cardiac, tracheoesophageal fistula) syndromes; 3. medical therapies; and 4. surgical therapies. As there was only a single study, a subgroup analysis was not applicable.
Sensitivity analysis
We had planned sensitivity analyses to assess the impact of the following potentially important factors on the overall outcomes.
1. Variation in the inclusion criteria. 2. Differences in other medications/procedures used in the intervention and comparison groups.
3. Analysis using a random-effects model. 4. Analysis by 'treatment received' or 'intention-to-treat'. As there was only a single study, a sensitivity analysis was not applicable.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search
The original search in 2008 did not identify any eligible studies. The Airways Group search in March 2012 identified 118 potentially relevant titles since the last update of the review (2008). After assessing the abstracts, we retrieved five papers, out of which we considered only one study for inclusion in the review as it fulfilled the study eligibility criteria.
Included studies
The single eligible study (Boogaard 2009) was conducted in children that had planned to include children aged 2 to 18 years. We included this study as children were aged 2.8 to 15.5 years. This RCT compared nebulised recombinant human deoxyribonuclease (rhDNase) with placebo in children with airway malacia and lower respiratory tract infection (LRTI). The episode of LRTI was defined by the authors as (an increase in) productive cough or dyspnoea, and/or auscultatory abnormalities on physical examination, and/or increased bronchitic markings or consolidation on a chest radiograph respiratory exacerbation. The primary outcome of this study was change in cough diary scores(week two compared to baseline) and this score was a validated scoring system (Chang 1998a). Details of the study are in Characteristics of included studies and some aspects are also described below. The authors of the study used the term airway malacia so we have used this term accordingly along with tracheomalacia.
Excluded studies
We have added one of the more recent non-controlled studies to Characteristics of excluded studies (Gallagher 2011). It was a retrospective study (hospital chart review) comparing the treatment results of ipratropium bromide in children with tracheomalacia. The authors reported that 32 out of 52 children (for whom complete data were available) diagnosed with tracheomalacia and treated with ipratropium bromide after having been referred for specialist care, had improvement in their symptoms following treatment with ipratropium bromide.
Risk of bias in included studies
Overall we assessed the sole included study (Boogaard 2009) to have a low risk of bias as detailed in the 'Risk of bias' table and summarised in Figure 1 
Allocation
Randomisation was done in the pharmacy using a computer-generated blocked randomisation list prepared by a statistician. The study medication was prepared by a hospital pharmacist.
Blinding
Study medication and placebo vials had identical appearance and smell. The parents, children, pulmonologists and trial co-ordinator remained unaware of the treatment assignment.
Incomplete outcome data
The number of participants withdrawn (one in the placebo group before the study drug was given, and one in the nebulised rhDNase group after the first dose of the study drug) and those who did not fill in their cough diary scores (one in each group) were reported for both nebulised rhDNase and placebo groups.
Selective reporting
There was no suggestion that selective reporting had occurred.
Other potential sources of bias
The study was sponsored by pharmaceutical companies but reportedly they neither had influence on the design of the study, on the analysis of the study data nor in the publication of the results.
Effects of interventions
See: Summary of findings for the main comparison Human deoxyribonuclease versus placebo for primary (intrinsic) tracheomalacia in children
Primary outcome
The primary outcome for the review was the proportion of participants who were not cured or not substantially improved at followup (clinical failure). Authors did not define this and hence from the raw data provided by Dr Boogaard, we calculated the number of children with clinical failure at follow-up. Based on previous published studies (Chang 1998b; Chang 2012; Marchant 2012), we defined clinical failure as less than 75% improvement in average daytime and night time cough diary scores at two weeks. We took the average of daytime and night time cough diary scores in the first two days of the study and compared it with the average of night time and daytime cough diary scores on day 13 and day 14. For one participant a cough diary score was not available for day 13 and so we used days 12 and 14 for this calculation. Another participant had daytime data missing for day 14, and so we used days 12 and 13 for this estimation. As depicted in (Analysis 1.1), 12 participants out of 21 were not cured or significantly improved at two weeks in the placebo group, compared to 11 participants out of 17 in the nebulised rhDNase group. There was no significant difference between the groups (OR 1.38; 95% CI 0.37 to 5.14; Figure 2 ). There was a significant (P = 0.02) difference between groups for visual analogue scores (VAS) of night time cough (Analysis 1.5; Figure 4 ) favouring the placebo group (MD 23.00; 95% CI 3.86 to 42.14), but there was no significant difference between groups for daytime score (Analysis 1.4) (MD 15.70; 95% CI -3.33 to 34.73). 
Need for antibiotics
Antibiotics were started in 5 of 17 (29%) children in the nebulised rhDNase group and in 8 of 21 (38%) children in the placebo group during the two week treatment period, (MD 9%; 95% CI -21% to 39%, P = 0.58).
Other scores
Boogaard 2009 also described VAS for daytime dyspnoea, night time dyspnoea (Analysis 1.6), and for difficulty in expectorating sputum (Analysis 1.7). These outcomes all improved significantly in both the nebulised rhDNase and placebo groups during the treatment period; the difference between the nebulised rhDNase and placebo favoured the placebo group, but these differences were not statistically significant.
Lung function
The forced vital capacity (FVC) percentage predicted improved significantly in the placebo group but worsened in the nebulised rhDNase group (Analysis 1.8; Figure 5) . The difference between the groups was at borderline significance (MD 8.80; 95% CI -0.05 to 17.80, P = 0.05). The forced expiratory volume in one second (FEV 1) percentage predicted also improved (Analysis 1.9) in the placebo group as compared to the nebulised rhDNase group, but there was no significant difference between the groups (MD 9.20; CI -0.55 to 18.95, P = 0.06; Figure 6 ). 
D I S C U S S I O N
Summary of main results
This review update is limited to a single study eligible for inclusion. Nebulised recombinant human deoxyribonuclease (rhDNase) did not improve and likely worsened respiratory symptoms when used during lower respiratory tract infections (LRTIs) in children with airway malacia. The data from this review were different to that published in the paper as we did not adjust for baseline imbalance. The children in the nebulised rhDNase group were symptomatic for seven days as compared to three days for placebo. Also, at baseline the placebo group showed lower lung function, and higher visual analogue scores (VAS) for night time cough and night time dyspnoea than did the nebulised rhDNase group. There were no other significant differences between groups at baseline. Hence, we did not adjust for baseline. The likely harm from nebulised rhDNase which was found in our review, was not evident in the published paper after adjusting for baseline (Boogaard 2009). Boogaard 2009 postulated that dynamic airway collapse during coughing in children with airway malacia results in airway obstruc-tion and impaired mucociliary clearance, and expected a beneficial effect of nebulised rhDNAse during LRTIs. However, we found the reverse. There are several possible explanations for the lack of beneficial effect of nebulised rhDNase in this study compared to that for children with cystic fibrosis (CF). One reason is the difference between the physical characteristics of mucous produced in children with CF (in CF large polymers predominate in the airway secretions; these polymers include deoxyribonucleic acid (DNA), filamentous actin, proteoglycans, and bio films, which in combination with bacteria and inflammatory cells constitute sputum) and children with primary tracheomalacia (Voynow 2009). The mucous produced in children with airway malacia is likely similar to normal children. Unlike children with CF, the reduced mucous clearance in children with airway malacia is likely related to airway mechanics. The quality of sputum can be measured by different properties like dynamic viscoelasticity, wettability, cohesivity, interfacial (surface) tension, solids composition, Interleukin 8 and DNA content (Rubin 2007) . The rheologic properties that favour mucociliary clearance appear to hinder cough clearance and vice versa (Rogers 2006) . Thus the use of nebulised rhDNAse that alters sputum cohesiveness can impair airway clearance. This review highlights the fact that some of the interventions (like nebulised rhDNase) advocated by some for use in children with primary tracheomalacia are not efficacious or even potentially harmful. The non-beneficial and likely harmful effect of nebulised rhDNase we found in our review is similar to that described in the detrimental effect of nebulised rhDNase when used in adults with non-CF bronchiectasis (Crockett 2001).
Overall completeness and applicability of evidence
For determining the primary outcome in our review, we averaged the scores over the first two days (for baseline) and the last two days (for final score). This was done as there is a day to day variability in cough diary cards and thus taking an average at the start and at the end (as done in our various studies on cough such as Chang 2010 and Marchant 2012) is arguably more robust. Furthermore, when we used only the first and last day's data, the difference in results of clinical failure remained statistically insignificant. The single study on nebulised rhDNase cannot be applied to the effect of other mucolytics for airway malacia. This review has highlighted the fact that, although there are many medical and surgical therapies being used for the management of children with tracheomalacia, there remains a paucity in high quality data to support any single intervention. Although the review has shown that nebulised rhDNase is not useful as a medical therapy in children with airway malacia, this review is not a meta-analysis of different types of treatment options for tracheomalacia as there are no published RCTs. This review highlights the need to provide evidence based answers to this query.
Quality of the evidence
There is only a single study in this review and hence quality of evidence is substantially limited.
Potential biases in the review process
The Cochrane Airways Group conducted an extensive search for RCTs in children with airway malacia. Two authors independently screened the searches and identified one study for inclusion. We identified the study itself as having overall low risk of bias. We have contacted the original investigators who kindly provided the raw data for calculation of clinical failure.
Agreements and disagreements with other studies or reviews
There are numerous cohort descriptive studies with varying numbers of patients that reported on a variety of interventions (mainly surgical) to increase the airway calibre. Most of these children managed surgically had presumably the severe end of the clinical spectrum, with life-threatening apnoea episodes. These cohort studies (see Characteristics of excluded studies) have highlighted the importance of interventions in terms of clinical improvement. However these surgical procedures (tracheopexy, aortopexy and/ or stenting) are not universally successful and have associated morbidity and mortality (Valerie 2005) . Continuous positive airway pressure (CPAP) alters forced expiratory flow in infants, but the authors did not describe clinical correlates (Davis 1998). There are no studies that quantitatively defined severity, either anatomically or clinically. Also, when tracheomalacia is associated with a vascular compression, surgical correction of the vascular compression alleviates major respiratory symptoms in most (68%) but not in a significant number of children (Benjamin 1976; Bonnard 2003) . Physiological measurement studies of lung function have shown short-term benefits in function in lung mechanics and improvement in spirometric parameters for selective children managed with surgical intervention (Zinman 1995) and CPAP (Davis 1998). However there are no quantitative assessments of severity of the tracheomalacia at the entry or end point. Interpretation of lung function may be limited unless paired (pre-and post-intervention) data are obtained, as children with these airway abnormalities may have reduced lung growth (Agrawal 1999) . At the mild end of the spectrum there are no studies that have assessed the disease impact, assessed the management of intercurrent respiratory illness or symptoms associated with tracheomalacia, nor supported any treatment for it.
Implications for practice
Based on a single randomised trial, it is not possible to make meaningful recommendations for the routine use of any therapies for intrinsic tracheomalacia. Results of a single trial show that nebulised rhDNase appears not to be efficacious and likely harmful when used during a respiratory exacerbation. The decision to subject a child to surgical and/or medical based therapies will have to be made on an individual basis, with careful consideration of the risk-benefit ratio for each individual situation.
Implications for research
It is unlikely that any RCT on surgery for children with life-threatening illness associated with tracheomalacia will ever be available. For those with less severe disease, RCTs on interventions currently used by many respiratory physicians such as early use of antibiotics and chest physiotherapy are clearly needed. Other possible interventions include different mucolytics (such as hypertonic saline) and anti-inflammatories such as corticosteroids. Such trials should be parallel double-blind studies and outcomes should include correlation with measurements of the trachea and physiological based measurements in addition to clinical outcomes.
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C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Boogaard 2009
Methods
• Prospective, double-blind, parallel group randomised controlled study • Compared effect of inhaled rhDNase with placebo on respiratory symptoms, the need for antibiotics, and lung function
• Outpatient setting in Erasmus MC-Sophia Children's Hospital and Amphia Hospital, Breda between September 2005 and March 2008
• Children already diagnosed with malacia according to accepted guidelines (described in the study)
• Children with airway malacia and recurrent LRTIs from outpatient department, were instructed to contact the hospital when they developed symptoms suggestive of a LRTI
• Patients were recruited by paediatric pulmonologists at the outpatient department within 2 days of this contact
• Allocation sequence executed by the study co-ordinator based on the randomisation schedule prepared by the study statistician
• The decision for investigations was up to the paediatric pulmonologist • Patients were re-evaluated by a paediatric pulmonologist after 1 (visit 2) and 2 weeks (visit 3)
• The study co-ordinator contacted parents by telephone after 3 weeks Participants • 49 children screened for inclusion • 5 did not have LRTI and 4 needed antibiotics • 22 were assigned to the placebo group and 18 to the rhDNase group (total 40)
• 21 children received placebo and 17 children received rhDNase (20 females out of 38); one withdrawal in each group
• Mean age in placebo group was 6.0 and 6.7 years in the rhDNase group. Inclusion criteria: children aged 2 to 18 years with airway malacia and symptoms of LRTI
• Baseline demographic characteristics did not differ between the treatment groups • Exclusion criteria: need for antibiotics at initial presentation, chronic cardiopulmonary disease and neuromuscular disease
Interventions
• 2.5 mg of rhDNase (2.5ml solution of 1 mg/mlL rhDNase) or 2.5 mg placebo (2. 5mL sodium chloride 0.9%), twice daily for 2 weeks
• Study medication was administered with a Sidestream jet nebuliser using a PortaNeb Compressor
• The first dose of study medication was administered in the outpatient department Outcomes Primary outcomes: change in symptom severity from baseline to second week of treatment, assessed with a cough diary score Secondary outcomes:
• need for an antibiotic course during the two-week treatment period 
S O U R C E S O F S U P P O R T Internal sources
D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W
The inclusion criteria was children under 15 years old with tracheomalacia, but we included a trial in which the oldest child enrolled was 15.5 years (Boogaard 2009). 
I N D E X T E R M S Medical Subject Headings (MeSH)
MeSH check words
Adolescent; Child; Humans
